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JO Technical Field 

\A The present invention relates to a RAM- incorporated 

m 

ill driver that drives the display of still and moving images on 

l#^ one screen. together with a display unit and electronic 

0 equipment that uses the same. 

«S Background 

^ Recent advances in communications and. packaging 

20 technology have made it possible to display various types of 
highly informative data on a display section of a portable 
item of electronic equipment, including not only character 
text consisting of numerals and characters, but also still 
and moving images . 
2 5 There have been various proposals for the format for 

data displayed by such electronic equipment. Taking a mobile 
telephone as an example, a technique has been proposed for 
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receiving or transmitting image data that has been cosipressed 
and encoded in accordance with the Moving Picture Experts 
Group (MPEG) standard. 

In such a case, received moving images are displayed on 
5 a moving- image display area 22A of a liquid crystal panel 22, 
as shown by way of example in Fig. 3. Still images giving 
explanatory or operating information relating to those moving 
images are displayed on a still -image display area 22B of the 
liquid crystal panel 22, by way of example. 
!0 To display a moving image in the moving - image display 

area 22A, it is necessary to rewrite moving- image data in a 
=D moving - image storage area corresponding to the moving -image 
U display area 22A, which is part of the storage area of a RAM 
within the liquid crystal driver, periodically and also 
15V3 substantially in real-time. 

f=. The still images displayed in the still- image display 

y_ area 22B change in accordance with factors such as the 
|0 operation of the keys of the mobile telephone. making it 
'li necessary to rewrite still -image data in a still -image 
20 storage area corresponding to the still -image display area 
22B, within the storage area in a RAM. 

However, the rewriting of still-image data in the still- 
image storage area of the RAM periodically uses the bus line 
over which the moving- image data is being transferred, so it 
25 is only possible to use the gap between the transfer of one 
screen of moving- image data and the transfer of the next 
screen of moving -image data therefor. 



2 



In this manner, the transfer of still -image data within 
the limited times between screens of moving- image data 
restricts the operating time in which the MPU can supply 
moving- image data and still - image data to the display unit, 
which increases the time- related restrictions on the 
operation of the MPU for controlling circuits other than 
those of the display unit. 

It is expected that future enlargements of the display 
area and increases in the number of gray scales win lead to 
moving images displayed on the display section that are even 
more information-packed, and which are easy to see and useful 
from the user's point of view. The amount of the above- 
described moving- image will increase even more, but this will 
place, even more severe restrictions on the MPU's operating 
time. For that reason, it is preferable to enable transfer 
that moves moving -image data as at high a speed as possible. 
On the other hand, it is also essential that a portable type 
of information terminal, such as a mobile telephone, which is 
convenient for displaying such informative information should 
have reduced energy consumption. 

Summary 

The present invention was devised in the light of the 
above described technical problems and has as an objective 
thereof the provision of a RAM- incorporated driver that 
enables the rewriting of still- image data, irrespective of 
the timing at which moving image data is rewritten into a RAM, 
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together with a display unit and electronic equipment using 
the same . 

Another objective of the present invention is to provide 
a RAM- incorporated driver that enables the rewriting of large 
5 amounts of moving- image data and still -image data 
independently, at reduced energy consumption, together with a 
display unit and electronic equipment using the same. 

in order to solve the above described technical problems, 
the present invention relates to a RAM- incorporated driver 
10 which drives a display section based on still -image data and 
O moving - image data, the RAM - incorporated driver comprising: a 
!;s first port through which the still -image data or a given 
?~ command is input; a second port through which the moving- 
ICf image data, which is transferred serially over a serial 
15.T3 transfer line, is input as a differential signal; a reception 
's- circuit which differentially amplifies the differential 
•=l signal input from the second port and creating the moving- 
jp image data in a parallel state; a RAM which stores the still - 
^ image data that was input through the first port and the 
2 0 moving -image data that was created by the reception circuit; 
a first control circuit which controls writing or reading of 
the still -image data or the moving- image data that has been 
input separately through the first port or the second port, 
with respect to the RAM; and a second control circuit 
25 independently of the first control circuit, which controls 
the reading as display data of the still -image data or 
moving -image data that has been stored in the RAM, and 
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driving the display section to display. 

The present invention ensures that still images and 
moving images are input by separate systems through the first 
and second ports. Control over the writing of still -image 
5 data or moving- image data to a RAM and control over the 
reading of display data for driving the display section to 
display are also independent of each other. It is therefore 
possible to rewrite still -image data in a RAM while 
simultaneously rewriting moving* image data, making it 
10 unnecessary to wait until the end of the writing of moving - 
0 image data before still -image data can be written. Moreover, 
■Tl it is possible to drive the display by display data, 
I* irrespective of this control over the writing of still- image 
I® data and moving -image data. High-speed signal transfer is 

rn 

15[i possible because moving- image data that has been converted 
U into serial data is input as a differential signal through 
•J the serial transfer line from the second port. In particular, 
if? detailed moving images can be displayed because it is 
w f possible to write amounts of moving- image data that have been 
20 increased by an enlargement of the display area or an 
increase in the number of gray scales, irrespective of the 
timing at which still -image data is written. 

The present invention may comprise a halt control 
circuit which receives with the differential signal a data 
25 validation signal indicating whether or not the differential 
signal is valid, and halting at least part of an operation of 
the reception circuit, based on the data validation signal. 
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Since the data validation signal indicating whether or 
not the differential signal that is serial moving -image data 
is valid is received together -with the differential signal 
and the current consumption accompanying the transmission and 

5 reception in serial transfer can be kept to a minimum by 
halting at least part of the operation of the reception 
circuit. it is possible to transfer large quantities of 
moving- image data efficiently without any deterioration in 
signal transfer performance, 
10 With the present invention, the validation signal may be 

13 used as a synchronization signal synchronizing the writing of 

■g the moving -image data into the RAM . 

;* With the present invention, the validation signal may be 

used as a synchronization signal synchronizing the writing of 

HI 

lisp the moving- image data for one line of the display section 
into the RAM. 

% 4 With the present invention, the validation signal may be 

m used as a synchronization signal synchronizing the writing of 
J'f the moving- image data for one full -screen of the display 
20 section into the RAM. 

Such a configuration makes it possible to display 
moving- image data wichout errors, without having to transfer 
a vertical synchronization signal or horizontal 
synchronization signal . 
25 With the present invention, the serial transfer line may 

be a transfer line in accordance with an LVDS standard. 

With the present invention, the serial transfer line may 
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be a transfer line in accordance with a USB standard. 

with the present invention, the serial transfer line may 
be a transfer line in accordance with an IEEE 1394 standard. 

By transferring moving - image data over a high-speed 
serial transfer line conforming to one of those standards, it 
becomes possible to easily design an interface for the RAM- 
incorporated driver which enables the rewriting of large 
quantities of moving - image data and still -image data 
independently . 

A display unit in accordance with the present invention 
comprises: a panel having an electro - optical element driven 
by a plurality of first electrodes and a plurality of second 
electrodes; the above - described RAM- incorporated driver which 
drives the plurality of first electrodes; and a scanning 
driver for scanning and driving the plurality of second 
electrodes . 

This display unit makes it possible to implement a mixed 
display of still images and moving images, while reducing the 
load on the external MPU . 

Electronic equipment in accordance with the present 
invention comprises the display unit; and an MPU which 
supplies the command, the still-image data, and the moving- 
image data to the display unit. 

Since this electronic equipment and this display unit 
reduce the load on the MPU during the display of a mixture of 
still images and moving images, it is possible to increase 
the operating efficiency of the MPU thereby. 
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Brief Description of the Drawings 

Fig. 1 is a schematic block diagram of electronic 
equipment to which the present invention is applied. 
5 Fig. 2 is a schematic block diagram of a mobile 

telephone that is an example of the electronic equipment of 
Fig. 1. 

Fig. 3 is a schematic illustrative diagram of an example 
of display that differs from the display example of the 
10 liquid crystal panel shown in Fig. 1. 

□ Fig- 4 is a schematic block diagram of the X- driver 1C 

5 of Pig. 1 . 

;J Fig- 5 is a schematic illustrative diagram of the 

IS display data RAM of Fig. 4, together with peripheral circuits. 

Fig- 6 is a circuit diagram of memory cells within the 
jU display data RAM of Fig. 5. 

H! Fig- 7 is a waveform chart of a write clock for still 

m and moving images and a display read clock. 

^ Fig. 8 is a schematic block diagram of an X- driver IC in 

2 0 accordance with the second embodiment of the present 
invention . 

Fig. 9 is a schematic illustrative diagram of the 
relationship between storage areas of the first and second 
display data RAM of Fig. 8 and the display areas of the 
25 liquid crystal panel. 

Fig. 10 is a schematic block diagram of electronic 
equipment provided with an X- driver IC in accordance with a 



third embodiment of the present invention. 

Pigs. 11A and 11B are illustrative diagrams showing the 
interface section of an LVDS- standard high-speed serial 
transfer line in comparison with the interface section of a 
5 prior- art display data transfer line. 

Fig. 12 is illustrative of the relationship between the 
current consumption accompanying data transfer in accordance 
with the LVDS standard and the current consumption 
accompanying data transfer by CMOS drivers. 
10 Pig. 13 is a schematic block diagram of essential 

l ~ structural components of the MPU. display unit, and interface 

sQ 

VJ section for performing high-speed serial transfer in 
U accordance with the LVDS standard in the electronic equipment 
}Ti of the third embodiment . 
l5">0 Fig. 14 is a timing chart of an example of the timing at 

O which the data validation signal is generated by the data 
5 u validation signal generation circuit. 

«fl Pig. 15 is a timing chart of another example of the 

il timing at which the data validation signal is generated by 
2 0 the data validation signal generation circuit. 

Fig. 16 is a schematic block diagram of the X-driver IC 
in accordance with the third embodiment of the present 
invention . 

pig. 17 is a schematic block diagram of essential 
25 structural components of the MPU, display unit, and interface 
section for performing high-speed serial transfer in 
accordance with the IEEE 13 94 standard in the electronic 
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equipment of the third embodiment. 

Fig. 18 is a timing chart of an example of transfer 
timing in accordance with the DS link method. 

Fig. 19 is a schematic block diagram of essential 
5 structural components of the MPU, display unit, and interface 
section for performing high-speed serial transfer in 
accordance with the USB standard in the electronic equipment 
of the third embodiment. 

10 Detailed Description of Embodiments 

□ Embodiments of the present invention are described below 

s,Q with reference to the accompanying figures. 

%Q pi rs t Embodiment 
ISsjJ A first embodiment of the present invention is described 

below with reference to Figs. 1 to 7 . 

- 5 

If! Description of electronic equipment 

^ A schematic block diagram of electronic equipment to 

20 wliich the present invention is applied is shown in Fig. 1. In 
Fig. 1, this electronic equipment is configured of a 
microprocessor unit (MPU) 10 and a display unit 20. The 
display unit 20 has a matrix panel having electro - optical 
elements. such as a color liquid crystal panel 22, a RAM- 
25 incorporated X- driver IC 24 for driving this liquid crystal 
panel 22, and a Y-driver IC 26 for scanning. 

The matrix panel 22 could be one that uses a liquid 
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crystal having optical characteristics that change on the 
application of a voltage, and other electro - optical elements. 
The liquid crystal panel 22 could be configured of a simple 
matrix panel, by way of example, in which a liquid crystal is 
5 sealed between a first substrate on which is formed a 
plurality of segment electrodes (first electrodes) and a 
second substrate on which is formed a common electrode 
(second electrode) - The liquid crystal panel 22 could also be 
configured of an active matrix panel using three - terminal 
10 elements or two- terminal elements such as thin- film 
'*? transistors (TPTs) or thin-film diodes (TFDs). Such, an active 
*0 matrix panel would also have a plurality of signal electrodes 
l± (first eleccrodes) driven by the RAM- incorporated X- driver IC 
fH 24 and a plurality of scan electrodes (second electrodes) 
15*Q driven to scan by the Y-driver IC 26. 

}h : It is possible to display still images and moving images 

Ji simultaneously on the liquid crystal panel 22- In such a case. 
Iff areas for a moving- image display area 22A, determined by the 
Tt image size of moving -image data stored in the MPU 10, and a 
20 still-image display area (text data display area) 22B. 
outside thereof, are set in the liquid crystal panel 22. 

Two main types of data are supplied from the MPU 10 to 
the display unit 20, as shown in Fig. 1: display 
command/still - image data and moving- image data. 

25 Representative examples of display commands include a signal 
AO that indicates the difference between commands and data, 
an inverted reset signal XRES, an inverted chip select signal 
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XCS, an inverted read signal XRD, and an inverted write 
signal XWR . Data signals D7 to DO are 8 -bit command data 
(including address data for still images and moving images) 
or still -image data signals, as distinguished by the logic of 
5 the command/data identification signal AO. The moving - image 
data is 6 -bit R, G. and B signals, and a clock signal CLK and 
horizontal/vertical synchronization signal H.Vsync are also 
supplied . 

Thus a bus for display command/ sti 11 ■* image data and a 
10 bus for moving- image data are separated in this embodiment of 
''i the present invention. 

kiJ An example shown in Fig. 2 is of the MPU 10 and display 

11 unit 20 of Pig- 1 installed into a mobile telephone 30. The 
S MPU 10 shown in Pig- 2 has a CPU 12 for controlling the 

ISO mobile telephone 30, and a still -image memory 14 and a 
J«S digital signal processor {DSP) 16 are connected to this CPU 
I>; 12. A moving- image memory 18 is also connected to the DSP 16. 
W\ A modulation/demodulation circuit 34 is also provided in 

12 the mobile telephone 30, for demodulating signals received 
2 0 through an antenna 32 and modulating signals to be 

transmitted by the antenna 32- It is also possible to use the 
antenna 3 2 to transmit and receive moving -image data that has 
been encoded in accordance with the layer- IV standard of the 
Moving Picture Experts Group (MPEG) . 
25 A digital video camera 3 6 can also be provided in this 

mobile telephone 30. Moving- image data can be fetched through 
this digital video camera 36. The information necessary for 
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operations such as transmission and reception by the mobile 
telephone 3 0 or image capture by the digital video camera 3 6 
is input through an operation input section 38. 

when a moving image is displayed in the moving- image 
display area 22A of the liquid crystal panel 22, the CPU 12 
provided in the MPU 10 determines the dimensions of that 
moving image from moving- image information, in other words, 
it determines a start address SA and an end address EA of the 
moving image shown in Fig. 1- Note that the moving- image 
display area 22A and the still -image display area 22B could 
be divided vertically by a line, as shown in Fig. 3. in which 
case. the start address SA and the end address EA are 
determined from the size of the moving image in a similar 
manner. 

The moving image displayed in the moving- image display 
area 22A is supplied from the antenna 32 or the digital video 
camera 3 6 in this embodiment of the invention, signals input 
from the antenna 3 2 are demodulated through the 
modulation/demodulation circuit 34 and are processed by the 
dsp 16. The DSP 16 is connected to the moving-image 
processing memory 18. and expands compressed data that is 
input through the antenna 32 and the modulation/demodulation 
circuit 34 and also decodes data that has been encoded in 
accordance with the MPEG layer IV standard. Data that is to 
be transmitted through the modulation/demodulation circuit 34 
and the antenna 3 2 is compressed by the DSP 16, and also 
encoded if it is to be transmitted in a format in accordance 
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with the MPEG layer iv standard. In this manner, the DSP 16 
can also have the function of a decoder and encoder for MPEG 
layer IV data, by way of example. 

Signals from the digital video camera 3 6 are input to 
5 the DSP 16, and signals that have been input by the antenna 
32 or the digital video camera 36 are processed by the DSP 16 
into RGB signals and are supplied to the display unit 20. 

The CPU 12 outputs to the display unit 20 the commands 
and data necessary for displaying a still image on the liquid 
10 crystal panel 22, based on information from the operation 
input section 3 8 and using the still -image memory 14 if 
necessary. 

[ A It is therefore possible to implement ticket 

^ reservations based on information from the operation input 
lSnB section 38. wherein moving images are movie information that 
}•*. is distributed over the Internet and information for 
^ reserving theater tickets is displayed as still images, by 
yi way of example. For that purpose, the CPU 12 also controls 
the sending out of still -image information (such as 
20 reservation information) through the modulation/demodulation 
circuit 34 and the antenna 32. The CPU 12 can also control 
the sending out of moving - image information captured by the 
digital video camera 36 over the modulation/demodulation 
circuit 34 and the antenna 32, if necessary. 

25 

Description of X-driver IC 

A block diagram of the RAM- incorporated x-driver IC 24 
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is shown in Fig. 4. An MPU interface 100. an input-output 
buffer 102. and an input buffer 104 are provided as input - 
output circuitry for the RAM - incorporated X- driver IC 24 of 
Fig. 4. 

5 Signals such as the inverted chip select signal XCS . the 

command/data identification signal AO, the inverted read 
signal XRD. the inverted write signal XWR. and the inverted 
reset signal XRES are input to the MPU interface loo. 

Data such as 8 -bit command or still -image data D7 to DO 
10 is input to the input -output buffer 102. Note that Fig. 4 
^ shows an example in which the signals D7 to DO are input and 
=5 output in parallel, but it is also possible to use a serial 
U input -output configuration in which the first bit is the 
identification signal AO, followed by the signals D7 to DO, 
15=0 if it is not necessary to read data, to the MPU 10 from a 
p display data RAM 160 within the X-driver IC 24. This would 
make it possible to reduce the number of terminals of the MPU 
iff 10 and the x-driver IC 24. 

r," Data such as moving- image data, formed of 6 -bit R, G. and 

20 B signals and the clock signal CLK is input to the input 
buffer 104, by way of example. The clock signal 6 -bit R, G. 
and B signals are input and output in parallel, in 
synchronization with the clock signal CLK. 

The interior of the X-driver IC 24 is provided with a 
25 first bus line 110 connected to the MPU interface 100 and the 
input- output buffer 102 and a second bus line 12 0 connected 
to the input buffer 104. 
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A bus holder 112 and a command decoder 114 are connected 
to the first bus line 110 and another bus holder 122 is 
connected to the second bus line 120. Note that a status 
setting circuit 116 is connected to the input-output buffer 
102 in such a manner that the operating state of the X- driver 
IC 24 is output to the MPU 10. This operating state is an 
internal state set by the X- driver IC 24. such as whether or 
not the display is in an on state and a given scroll area 
-within the screen has been set to scroll mode, with the 
configuration being such that a given command that has been 
input from the MPU 10 is decoded by the command decoder 114 
which outputs the result thereof. 

An I/O buffer 162 of the display data RAM 160 is 
connected to both the first and second bus lines 110 and 120. 
for the transfer of still -image data and moving -image data 
that is read from and written to the display data RAM 160. 

In addition to the above described display data RAM 160 
and I/O buffer 162, circuits such as an MPU- related control 
circuit 130, a column address control circuit 140, a page 
address control circuit 150, a driver-related control circuit 
170. a PWM decoder circuit 180, and a liquid crystal drive 
circuit 190 are provided in the x- driver ic 24. 

The MPU-related control circuit 130 controls reading and 
writing with respect to the display data RAM 160, based on 
commands from the MPU 10 that are input through the command, 
decoder 114. The column address control circuit 140 and the 
page address control circuit 150 that are provided are 
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controlled by this MPU-related control circuit 130. in this 
embodiment of the present invention, the column address 
control circuit 140 has a first column address control 
circuit 142, which specifies write column addresses for 
5 still -image data and read column addresses for still-image 
and moving- image data, and a second column address control 
circuit 144, which specifies write column addresses for 
moving- image daca. The page address control circuit 150 has a 
first page address control circuit 152. which specifies write 
10 page addresses for still -image data and read page addresses 
I 3 for still -image and moving - image data, and a second page 
hQ address control circuit 154, which specifies write page 
U addresses for moving- image data. Note that the 
J horizontal/vertical synchronization signal H.Vsync is input 
15U3 from the MPU 10 to the MPU-related control circuit 130, 
f;i although this is not shown in Fig. 4. A horizontal 
y, synchronization signal Hsync is used for setting and 
iff resetting counters that are provided wichin the second column 
u and page addresses control circuits 144 and 154, to suppress 
2 0 errors such as display distortion due to erroneous writing 
caused by noise or the like during the writing of moving- 
image data, as far as possible. The horizontal/vertical 
synchronization signal H.vsync is also used for returning 
each of the column and page addressees to the respective 
25 start address SA. The page address control circuit 150 
comprises a display address control circuit 156 which 
specifies display addresses for each line controlled by the 
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driver- related control circuit 170. 

The driver- related control circuit 170 comprises an x- 
driver- related control circuit 172 and a Y-driver-related 
control circuit 174. This driver- related control circuit 170 
generates signals such as a gray scale control pulse GCP, a 
polarity inversion signal FR, and a latch pulse LP, to 
control the display address control circuit 156, che PWM 
decoder circuit 180, a power source control circuit 178. and 
the Y-driver 1C 26, independently of the MPU-related control 
circuit 130- 

The PWM decoder circuit ISO latches data that is read 
one line at a time from the display data RAM 160, and outputs 
a signal of a pulse width corresponding to gray scale value 
in accordance with the polarity inversion period. The liquid 
crystal drive circuit 190 shifts the voltage of a signal from 
the PWM decoder circuit 180 and supplies it to each segment 
electrode SEG of the liquid crystal panel 22 of Fig. 1. 

Description of display data RAM and peripheral circuits 

A schematic circuit diagram of the display data RAM 160 
and its peripheral circuits is shown in Fig. 5. Pig. 5 shows 
first and second column address decoders 142A and 144A. first 
and second page address decoders 152A and 1S4A, and a display 
address decoder 156A that are provided in final stages of the 
first and second column address control circuits 142 and 144, 
the first and second page address control circuits 152 and 
154, and the display address control circuit 156, 



respectively. 

Fig. 5 also shows memory cells CIO, Cll...., C20, C21,... 
of first and second rows. Each memory cell shown in Fig. 5 is 
connected to first to third word lines Wl to W3, a first bit 
5 line pair Bl and /Bl, and a second bit line pair B2 and /B2 . 

The first column address decoder 142A outputs a signal 
that turns on and off a first column switch SWl that is 
connected to the first bit line pair Bl and /Bl . The second 
column address decoder 144A outputs a signal that turns on 
10 and off a second column switch SW2 that is connected to the 

^ second bit line pair B2 and /B2 . The first page address 

! iLJ 

*.B decoder 152A supplies a signal that makes the first word line 

Li 

U Wl active, the second page address decoder 154 A supplies a 
!S signal that makes the second word line W2 active, and the 
ISO display address decoder 156A supplies a signal that makes the 
H third word line W3 active. 

^ In comparison with the prior- art. technique. this 

ill embodiment of the present invention is newly provided with 
U the second word line W2 , the second bit line pair B2 and /B2, 
2 0 the second column switch SW2 , the second column address 
decoder 144A. and the second page address decoder 154A- 

The second column and page addresses decoders 144A and 
154A are used only when specifying column and page addressees 
for writing moving-image data (R, G. B) , and this moving- 
25 image data (R. G. B) is written to memory cells through the 
second bus line 120 and the second column switch SW2 in 
accordance with this specification. 
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The first column and page addresses decoders 142A and 
1S2A specify column and page addresses during the writing of 
still -image data and the reading of still -image and moving - 
image data. Data is read from or written to the display data 
5 RAM 160 through the first bus line 110 and the first column 
switch SW1 in accordance with this address specification. 

The display address decoder 156A is designed to read 
data from all the memory cells on one line to a display data 
output line OUT, by making the third word line W3 active one 
10 line at a time in sequence. This read data is supplied to the 
•| PWM decoder circuit 180 of Fig. 4 and is supplied to the 
G? liquid crystal drive. 

CO 

?y Memory cell configuration 
lS^ A circuit diagram of the memory cell CIO within the 

Q display data RAM 160 is shown in Pig- 6. The memory cell C10 
fit has the same configuration as the other memory cells. This 
jO memory cell C10 has a memory element 2 00 formed of two CMOS 
i* inverters 201 and 202. The two MOS inverters 201 and 202 have 
20 first and second wires 204 and 206 that connect together the 
input and output sides thereof, respectively. A first n-type 
MOS transistor 210 (first switch) is connected between the 
first wire 204 and the bit line Bl, with the gate thereof 
being connected to the first word line Wl . Similarly a second 
25 n-type MOS transistor 212 (first switch) is connected between 
the second wire 20 6 and the bit line Bl, with the gate 
thereof being connected to the first word line Wl . 
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The above described configuration ensures that the first 
and second n-type transistors 210 and 212 are turned on when 
the first word line Wl goes high in answer to an active 
signal from the first page address decoder 152A. This 
5 connects the memory cell C1Q to the first pair of bit lines 
Bl and /Bl. If the first column switch swi is turned on by an 
active signal from the first column address decoder 142A 
during this time, it becomes possible to read or write data 
with respect to the memory cell CIO. 
10 The first and second p- type MOS transistors 220 and 222 

<3 are connected between a power line VDD and the display data 
A output line OUT- The gate of the first p-type MOS transistor 
; # 220 is connected to the second wire 206 and the gate of the 
second p-type MOS transistor 222 is connected to the third 
lSul word line W3 . 

!U Before data is read out of the memory cell CIO to the 

^ display data output line OUT, the display data output line 
10 OUT is pre -charged to low. In a state in which the third word 
^ line W3 is low and the second p-type MOS transistor 222 is on. 
2 0 after this pre -charge operation, the data on the display data 
output line OUT is latched into the PW3M decoder circuit 180. 
During this time, if the potential of the second wire 206 is 
high (the potential of the first wire 204 is low) . the 
display data output line OUT remains low, but if the 
25 potential of the second wire 206 is low (the potential of the 
first wire 204 is high) , the display data output line OUT 
goes high. This makes it possible to read one line of display 



21 



data from the display data RAM 160 simultaneously. 

A further feature of this embodiment of the present 
invention lies in the way the second word line W2 and the 
second bit line pair B2 and /B2 are connected. To ensure that 
5 connection, a third n-type MOS transistor 230 (second switch) 
is connected between the first wire 204 and the bit line B2, 
with the gate thereof being connected to the second word line 
W2. Similarly, a fourth n-type MOS transistor 232 (second 
switch) is connected between the second wire 206 and the bit 
10 line /B2, with the gate thereof being connected to the second 
^ word line W2 . 

^0 The above described configuration ensures that the third 

U and fourth n-type transistors 23 0 and 232 turn on so that the 
»K memory cell CIO is connected to the second pair of bit lines 

15=0 B2 and /B2 , if the second word line W2 goes high in answer to 
Q an active signal from the second page address decoder 154 A. 
~1 If the second column switch SW2 is turned on by an active 
*H signal from the second column address decoder 144A during 
1% tnis time, it becomes possible to write moving- image data 

20 with respect to the memory cell C10. 



Writing of still -image and moving- image data to display data 
RAM 

The MPU 10 has previously obtained the page and column 
25 addresses of the display data RAM 160 corresponding to the 
start and end addresses SA and EA of the moving- image display 
area 22A shown in Fig. 1 or 3 , from moving-image information. 
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For that reason, it is possible for the MPU 10 to repeatedly 
specify column and page addresses for an area corresponding 
to the moving- image display area 22A. from areas within the 
display data RAM 160, in accordance with a predetermined 

5 write frequency. The column and page addresses of this area 
corresponding to the moving- image display area 22A are input 
to the second column address control circuit 144 and the 
second page address control circuit 154 through the input - 
output buffer 102 and the MPU-related control circuit 130 of 
10 the X-driver IC 24. The column and page addresses of the 
5 display data RAM 160 are ultimately specified through the 

v3 second column address decoder 144A and the second page 
address decoder 154A of Pig. 5. By transferring moving -image 

5J1 data through the input buffer 104 and the second bus line 12 0, 
lSS the transfer can be done in real-time over a path that 

H differs from that of the still -image data over the first bus 

=Jl line 110. so that the moving- image data can be rewritten, in 

'*ff real-time. 

|7 The MPU 10 specifies the column address and page address 

20 of an area within the display data RAM 160 corresponding to 
the still -image display area 22B, so that data rewrite is 
performed at a predetermined write frequency only when there 
are changes in the sti 11 - image data, such as when information 
is input from the operation input section 38. 
25 In this manner, this configuration of this embodiment of 

the present invention implements address specification and 
data transfer by separate routes for still images and moving 
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images written to the display data RAM 160. so that each, set 
of data can be written to memory cells. It is therefore 
possible to write a still image and a moving image 
simultaneously to different memory cells in page units, so 
5 there is no necessity to halt the writing of either type of 
data . 

Since the configuration is such that either a still 
image or a moving image can be written to memory cells, it is 
possible to modify the moving- image display area 22A as 
10 desired. 

O When a moving image is to be displayed in the moving - 

iD image display area 22A of the liquid crystal panel 2 0 in this 
Ijl case, display data is read from the display data RAM 160 in 
■'^ accordance with a read clock shown in Pig. 7, to enable 
150 display at a rate of 60 Hz. in other words, 60 frames per 
j«* second, by way of example. 

For still -image data, on the other hand, display data is 
If! written to the display data RAM 160 in accordance with a 
still -image write clock that enables display at a frequency 
2 0 that is higher than that for driving the liquid crystal 
display, such as 90 Hz or 90 frames per second. Since this 
enables the implementation of rewriting of still images at a 
write rate that is faster than the display read rate, it 
becomes possible to provide a display that adapts to factors 
25 such as scroll display in accordance with the operation of 
the operation input section 38. 

In contrast thereto, moving -image data makes use of the 
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persistence-of -vision effect on human retinas, so there is no 
problem even when the number of frames in the moving image is 
low (it is not necessary to rewrite the entire 60 frames for 
the display) . in cases where it is not required to have an 
5 accurate moving - image display, such, as on a mobile telephone. 
With this embodiment of the present invention, writing can be 
done at a frequency that enables the writing of moving- image 
data at a rate such as 20 Hz, or 20 frames per second, so it 
suffices to send. out 1/3 (20/60 for a frequency of 60 frames) 
10 of the data from the MPU 10 to the X-driver IC 24. If an X- 
Q driver IC without internal RAM were to be used, it would 
iy always be necessary to rewrite data for 60 frames, but such a 
• * lowering of the write frequency of moving images (lowering of 
£Q the write rate) , or the quantity of data to be rewritten, 
ISO reduces the number of times that moving -image data is written, 
L where that would usually necessitate rewriting of the 
% >4 contents of the display data RAM 160 (unlike with still 
\fl images) , and thus the power consumed can be reduced by an 
amount equivalent to that number of memory cells. 

20 

Second Embodiment 

A block diagram of part of an x-driver IC 300 in 
accordance with a second embodiment of the present invention 
is shown in Fig. 8. Note that circuits in Fig. B that have 
25 the same functions as circuits in Pig. 4 are denoted by the 
same reference numbers and further description thereof is 
omitted. The circuits omitted from Fig. 8 are the same as 
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those of Fig. 4 . 

The first way in which the X-driver IC 3 00 of Fig. 8 
differs from the X-driver IC 24 of Fig. 4 is the provision of 
first and second display data RAMs 310 and 320. Still -image 
5 data is stored in the first RAM 310 and moving- image data is 
stored in the second RAM 320. Note that the first and second 
RAM portions 310 and 320 do not need the second word line W2 , 
the second bit line pair B2 and /B2, the second column switch 
SW2. the second column address decoder 144A. and the second 
10 page address decoder 154A of Fig. 6. so memory cells of a 
*T prior- art configuration can be used therefore. 

^9 The relationships between a still -image storage area 

U 310A of the first display data RAM 310. a moving- image 
^ storage area 320A of the second display data RAM 320. and the 

tu 

15 =D moving ■ image display area 22A and still -image display area 
h 22B of the liquid crystal panel 22 are shown in Fig. 9. 
J* The first and second display data RAMS 310 and 3 20 have 

U1 storage areas corresponding to all the pixels of one screen 
?f of the liquid crystal panel 22. This makes it possible to 
20 vary the still-image storage area 310A and the moving - image 
storage area 320A of Fig. 13 as desired. Note that the memory 
spaces of the first and second display data RAMs 310 and 320 
and the display space of the liquid crystal panel 22 are 
drawn to be the same size in Fig. 13. to facilitate 
25 description. 

Data is written to the moving- image storage area 320A of 
the second display data RAM 320 at a frame rate of 20 frames 
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per second, by way of example, and data is read therefrom at 
a frame rate of 60 frames per second and is displayed on the 
moving- image display area 22A of the liquid crystal panel 22. 
Conversely, data is written to the still -image storage area 
5 310A of the first display data RAM 310 at a frame rate of 90 
frames per second, by way of example, and is data is read 
therefrom at a frame rate of 60 frames per second and is 
displayed on the still- image display area 22B of the liquid 
crystal panel 22. 
10 Thus the second embodiment differs from the first 

Q embodiment in the provision of the first and second display 
,0 data RAMs 310 and 320. For that reason, the first column 
H address control circuit 142, a first I/O buffer 312, the 
&9 first page address control circuit 152, and a first display 
lSy address control circuit 330 are provided to correspond to the 
first display data RAM 310. Similarly. the second column 
^ address control circuit 144, a second I/O buffer 322, the 
if! second page address control circuit 154, and a second display 
!"** address control circuit 34 0 are provided to correspond to the 
20 second display data RAM 320. 

A selector 350 is also provided to select display data 
from the first and second display data RAMs 310 and 320 on 
the basis of an output from the MPU- related control circuit 
130, for output to the PWM decoder circuit 180. 
25 Also in this second embodiment of the present invention, 

still images and moving images are transferred by separate 
systems over the first and second bus lines 110 and 120. In 



27 



addition, column and page addresses for writing data to the 
first and second RAMs 310 and 320 are also specified by 
different systems for still images and moving images. For 
that reason, it is not necessary to wait for the writing of 
5 moving-image data to finish before writing still-image data, 
when still -image data is being rewritten into the first RAM 
310 simultaneously with the rewriting of moving-image data 
into the second RAM 32 0. 

10 Third Embodiment 
'% In the RAM- incorporated x-driver ICs in accordance with 

S the first and second embodiments, moving -image data and 
H still -image data supplied from the M£>U 10 are received over 
?y different transfer lines and writing is also done by separate 
lip systems, unlike in the prior art. However, if the amount of 
□ moving- image data to be transferred increases, because of an 
hI enlargement of the moving- image display area or an increase 
*fj in the number of gray scales thereof, a limit is placed on 
I* the transfer capacity. Prom consideration of enlargement of 
20 the wiring area and the number of terminals for transferring 
a total of 21 terminals for the 6 -bit R, G. and B signals, 
the clock signal CLK, and the horizontal/vertical 
synchronization signal H-Vsync, it becomes difficult to cope 
with a further increase in the number of gray scales and, in 
25 some circumstances, it is even possible that such an increase 
will cause deterioration in reliability. 

In such a case. a RAM- incorporated driver IC 42 0 in 
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accordance with the third embodiment of the present invention 
makes it possible to suppress any enlargement of the wiring 
area and number of terminals for the signals to be 
transferred, by supplying moving- image data from the MPU over 
5 a high-speed serial transfer line, and also enables writing 
of still-image data and moving-image data by separate systems. 

In this case, a high-speed serial transfer line is a 
transfer line that enables high-speed transfer of data in 
serial form as a differential signal, where differential 
10 amplification is performed on the reception side. Various 
C3 standards have been proposed for such a high-speed serial 
transfer line, such as the TIA-644 or EIA-644 of the 
ft Telecommunications Industry Association or the Electronic 
CO Industries Association, the IEEE 1596.3 of the Institute of 

sU 

lSitt Electrical and Electronics Engineers. the low voltage 
differential signaling (LVDS) standard, the IEEE 1394. or the 
y_ universal serial bus (USB) standard. 

^ High-speed transfer in accordance with the LVDS standard 
20 A schematic block diagram of electronic equipment 

provided with an X- driver IC 420 in accordance with the third 
embodiment of the present invention is shown in Fig. 10. 

Note that circuits in Fig. 10 that have the same 
functions as circuits in Fig. 1 are denoted by the same 
2 5 reference numbers and further description thereof is omitted. 

The electronic equipment of Fig. 10 differs from the 
electronic equipment of Fig. 1 in that an LVDS - standard high- 



29 



speed serial transfer line is connected between an MPU 4 00 
and an X-driver IC 420 of a display unit 410. The 
configuration is such that serial moving - image data is 
transferred as a differential signal over this high-speed 
S serial transfer line. 

The interface section of the display data transfer line 
is shown schematically in Pig. 11A and the interface section 
of the LVDS- standard high-speed serial transfer line is shown 
schematically in Fig. 11B. 
10 In other words, with the technique shown in Pig. 11A a 

voltage is driven in accordance with the transfer data on a 
>=0 signal transfer line to which is added the wiring capacitance. 
M, by output buffers 4 50 and 4 52 that are configured of CMOS 
»r? transistors. On the reception side, the signal transfer line 
15=3 is received by input buffers 454 and 456 configured of CMOS 
transistors. If the wiring capacitance of the data transfer 
= !1 line and the transfer line of the clock signal CLK in this 
If! case is assumed to be C [P] , the data transfer rate is 
i2 assumed to be f [Hz] , and the power voltage of each output 
20 buffer is assumed to be V [V] . the current consumption I op0 
accompanying the data transfer is given by the following 
Equation (1) : 

I op0 = fCV [A] . . . (1) 

This shows that the current consumption increases as the 
25 transfer rate rises. However, in practice it is not possible 
to increase the speed of data transfer much, because of the 
wiring capacitance C. 
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In contrast thereto, a differential signal corresponding 
to the transfer signal is output by the differential output 
drivers 460 and 462 from the transmission side, and the 
differentially input differential signal is subjected to 
5 differential amplification by receivers 464 and 466 on the 
reception side, as shown in Fig. 11B. More specifically, a 
steady current flows from the differential output driver on 
the transmission side with respect to a signal transfer line 
that is a balanced transfer line formed of a component such 
10 as a twisted-pair cable or a printed circuit board, and a 
^ differential voltage generated between terminal resistors R 
vD connected between the differentially operating signal 
ji transfer line is amplified by the differential input 
*H receivers on the reception side. 
15sS During this time, a PLL circuit 468 on the transmission 

5 s * side converts the data co be transferred into serial data, in 
1^ synchronization with a step-down clock signal that is 1/9 of 
In the clock signal CLK, by way of example, for transfer in 
synchronization with the clock signal CLK, On the reception 
20 side the received clock signal CLK is synchronized by another 
PLL circuit 470 with a step-down clock signal that is 1/9 of 
the clock signal CLK, by way of example, and the received 
serial data is converted into parallel data. 

If it is assumed in this case that the steady current 
25 accompanying the transfer of the differential signal is I conKt 
[A] and the current consumed by the PLL circuits 4 68 and 47 0 
on the transmission side and the reception side is l pll [A] , 
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the current consumption accompanying the data, transfer is 
given by the following Equation (2) : 
lop, - *c 0 » BC + Ipn [A3 . - . (2) 

The graph in Fig. 12 shows the relationship between 
5 current consumption accompanying data transfer in accordance 
•with the LVDS standard and current consumption accompanying 
data transfer by CMOS drivers. 

This graph shows a current consumption 48 0 that occurs 
during data transfer by drivers configured of CMOS 
10 transistors and a current consumption 4 82 that occurs during 
^3 data transfer in accordance with the LVDS standard. 
\U In other words, when data transfer is done by the CMOS 

drivers of Fig. 11A, current consumption increases in 
® proportion to the data transfer rate. as predicted by 

fU 

15*0 Equation (1) - 

JU in contrast thereto, data transfer in accordance with 

the LVDS standard shown in Pig. 11B necessitates a steady 
|R current corresponding to the data transfer rate. The 
l°t necessary steady current, however, has substantially the same 
2 0 value both when the data transfer rate is low and when it is 
high. 

This therefore means that data transfer in accordance 
with the LVDS standard has a current consumption that is 
higher than that in the prior art when the transfer rate is 
2S low. However, this also means that when the transfer rate 
increases, it is possible to enable data transfer with a 
lower current consumption and a higher speed than in the 
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prior art. 

This third embodiment of the present invention is 
characterized in enabling both faster data transfer and 
reduced energy consumption, in comparison with prior-art data 
5 transfer, by suppressing the steady current consumption 
during the time periods .during which no data transfer is 
occurring, when the data transfer rate is low. More 
specifically, the operation of the differential output 
drivers on the transmission side and the differential input 
10 receivers on the reception side is halted to remove the 
% ^ steady current . 

*p Essential structural components of the MPU, display unit. 

[1 and interface portions for high-speed serial transfer in 
;H accordance with the LVDS standard in electronic equipment of 
l&P this third embodiment of the invention are shown in Fig. 13. 

Note that portions that are the same as those in Figs. 1, 
y. 10, HA, or 11B are denoted by the same reference numbers and 
111 further description thereof is omitted. 

In this electronic equipment. the MPU 4 00 and the 
20 display unit 410 are connected by an LVDS -standard high-speed 
serial transfer line. 

The MPU 400 differs from the previously described MPU 10 
in that it is provided with an LVDS transmission circuit 490, 
which has a transmission interface function for high-speed 
25 serial transfer in accordance with the LVDS standard, and a 
data validation signal generation circuit 492. 

The display unit 410 differs from the previously 
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described display unit 20 in that it is provided with a LVDS 
reception circuit 4 94 which has a reception interface 
function for high-speed serial transfer in accordance with 
the LVDS standard, in this case, an LCD driver 496 of the 
i display unit 410 is equivalent to the x- driver IC 420 and Y - 
driver IC 26 of Fig. 10. 

The LVDS transmission circuit 490 comprises at least 
differential output drivers 460 and 462, the PLL circuit 468, 
and a parallel - serial conversion circuit 498. 
3 The parallel - serial conversion circuit 498 converts R, G, 

'2 and B signals supplied by the DSP 16, which has a 
\ti scan/converter function for moving - image data to be 
II transferred. into serial data in synchronization with the 
5 step -down clock signal that has been stepped down by the PLL 
5=0 circuit 468. and supplies them to the differential output 
p driver 460. 

ll* The data validation signal generation circuit 4 92 

iff generates a data validation signal that goes active only when 
it the moving- image data generated by the DSP 16 is valid, and 
0 outputs it to the LVDS reception, circuit 494 of the display 
unit 410. 

The LVDS reception circuit 494 comprises at least the 
differential input receivers 464 and 466, the PLL circuit 470. 
and a serial -parallel conversion circuit 500. 
5 The serial -parallel conversion circuit 50 0 converts the 

serial data received by the differential input receiver 464 
into parallel data in synchronization with the step-down 
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clock signal that is stepped down by the PLL circuit 470, and 
supplies it as R , G, and B signals to the LCD driver 496 < the 
X- driver IC 420) . The configuration is such that the 
operation of at least the differential input receivers 464 
5 and 4 66 and the PLL circuit 47 0 is halted when the data 
validation signal generated by the data validation signal 
generation circuit 492 is inactive, so that the steady 
current flowing therethrough is stopped. 

The LVDS reception circuit 494 writes the R, G, and B 
1Q signals to the data RAM of the x-driver IC in synchronization 
\~ with the data validation signal generated by the data 
v3 validation signal generation circuit 492. One screen of 
U moving - image data is written to the data RAM in 
?H synchronization with the data validation signal that is 
ISO output at the timing shown in Pig. 14. by way of example, and 
O moving- image data for each line of one screen is written to 
= ;{ data RAM in synchronization with the data validation signal 
In that is output at the timing shown in Fig. 15. This ensures 
II that the moving -image data can be displayed without errors. 
20 without providing a signal transfer line for the 
horizontal/vertical synchronization signal H.Vsync. 

The thus configured data validation signal generation 
circuit 4 92 concentrates on the high-speed characteristics of 
the serial transfer line, so that both objectives of high- 
25 speed transfer and reduced energy consumption can be achieved 
by ensuring that the steady current necessary for serial 
transfer flows only when necessary. 
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An example of the timing at which the data validation 
signal is generated by the data validation signal generation 
circuit 492 is shown in Fig. 14. 

This figure illustrates a case in which one full -screen 
5 of moving - image data is transferred from the MPU 400 during 1 
frame period T of the screen display. 

In other words, if one full-screen of moving-image data 
is transferred in a time that is shorter than one frame 
period T, the data validation signal generation circuit 492 
10 makes the data validation signal active in synchronization 
with the vertical synchronization signal Vsync. Pulses are 
'5 generated in such a manner as to create an active time period 
U only for the amount of moving -image data for one screen, as 
CP 

?y was determined beforehand - 
15 ; =0 This configuration raalces it possible to suppress the 

0 consumption of the steady current by the time period (T-t x ). 

so that the steady current accompanying high-speed serial 
^ transfer is consumed only during, the time period t 2 . 
5 The timing at which the data validation signal is 

20 generated by the data validation signal generation circuit 
492 is not limited to the above case. and thus it can be 
generated at various other timings . 

Another example of the timing at which the data 
validation signal is generated by the data validation signal 
25 generation circuit 492 is shown in Fig. 15. 

This figure illustrates a case in which one full -screen 
of moving- image data is transferred from the MPU 4 00 one line 
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at a time, during 1 frame period T of the screen display- 
In other words, if moving - image data for one line of one 
screen is transferred at each time unit, which is equivalent 
to the frame period T divided by the number of lines in one 
5 screen, the data validation signal generation circuit 492 
first makes the data validation signal go active for the 
first line of the screen in synchronization with the 
horizontal synchronization signal Hsync . Pulses are generated 
in such a manner as to create an active time period only for 
10 the amount of moving- image data for one line of one screen, 
O as was determined beforehand. The data validation signal for 
the second line onward is similarly synchronized to the rise 
^ of the horizontal synchronization signal Hsync that is 
® generated for each line, to generate pulses for the active 
15.3 time period for just the amount of moving -image data for each 
line of the previously determined full-screen. 
^ It is also possible to generate a pulse- form data 

|f1 validation signal that goes active only for the amount of 
H data for one line, for each previously determined line, in 
20 synchronization with the rise of the vertical synchronization 
signal Vsync . 

This configuration makes it possible to ensure that the 
steady current is consumed with high-speed serial transfer 
only during time periods t 0 , t a , . . . , t„, during allocated line 
25 transfer time period T 0 , T lf - . . , T K when the original one 
frame period has been divided into transfers of moving- image 
data for each line. This therefore makes it possible to 
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suppress the consumption of the steady current during the 
time periods (T D -t„) r (T^tt)...., <T H -t„) within each transfer 
time period . 

A block diagram shown in Pig. 16 is of the RAM- 
5 incorporated X- driver IC 420 of Pig. 10. This differs from 
the RAM- incorporated X-driver IC 24 in that it is provided 
with the LVDS reception circuit 4 94 instead of the input 
buffer 104. 

The LVDS reception circuit 494 uses the differential 
10 input receiver to differentially amplify the clock signal CLK 
?= rf serial data SD that is input over the high-speed serial 
v3 transfer line in accordance with the LVDS standard, as 
M described with reference to Pig. 13, and converts it into 
parallel moving - image data. It also comprises an operation- 
15=3 halt control circuit which inputs a separate data validation 
f;i signal DV and operates the differential input receivers of 
~! the clock signal CLK and the serial data only when the data 
ill validation signal DV is active. 

12, The thus configured LVDS reception circuit 494 is 

20 connected to the second bus line 120. 

High-speed transfer in accordance with the IEEE 1394 standard 
Essential structural components of the MPU, display unit, 
and interface portions for high-speed serial transfer in 
25 accordance with the IEEE 1394 standard in electronic 
equipment of this third embodiment of the invention are shown 
in Pig. 17. 
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Note that portions that are the same as those in Figs. 1, 
10, 11A. 11B, or 13 are denoted by the same reference numbers 
and further description thereof is omitted. 

In this electronic equipment, an MPU 550 and a display 
5 unit 560 are connected by an IEEE - 1394 - standard high-speed 
serial transfer line. 

The MPU 550 differs from the previously described MPU 
400 in that it is provided with an IEEE 1394 transmission 
circuit 570 which has a high- speed serial transfer 
10 transmission interface function in accordance with the IEEE 
% i 13 94 standard. 

'.0 The display unit 560 differs from the previously 

^ described display unit 410 in that it is provided with an 

*!1 IEEE 1394 reception circuit 572 that has a high-speed serial 

fy 

15 s9 transfer reception interface function in accordance with the 
p IEEE 1394 standard. 

; J1 The IEEE 1394 transmission circuit 570 comprises at 

Ul least a paral 1 el - serial conversion circuit, an encoding 
J circuit, and a differential output driver (not shown in the 
20 figure) for performing high-speed serial transfer in 
accordance with the IEEE 13 94 standard. 

The parallel- serial conversion circuit in the IEEE 13 94 
transmission circuit 570 converts R, G, and B signals 
supplied by the DSP 16, which has a scan/converter function 
25 for moving- image data to be transferred, into serial data. 
The encoding circuit generates the serial data SD and a 
strobe signal STB from the serial R, G , and B signals, using 
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a method called data/strobe link (DS link) . 

With the DS link method, high-speed serial transfer is 
performed by two pairs of differential signal lines for the 
serial data SD and the strobe signal STB. The IEEE 1394 
5 transmission circuit 570 generates the serial data SD and the 
strobe signal STB in synchronization with the transmission 
clock, and transfers them over corresponding differential 
signal wires. 

The IEEE 1394 reception circuit 572 comprises at least a 
10 differential input receiver, a decoding circuit. and a 
lp serial -parallel conversion circuit (not shown in the figure) 
^ for receiving high-speed serial transfer signals in 
^ accordance with the IEEE 13 94 standard. 

; f|f The differential input receiver in the IEEE 1394 

15^ reception circuit 572 receives the differentially amplified 
^3 serial data SD and strobe signal STB for each differential 
ffj signal line pair. The decoding circuit generates the serial 
JLJ moving- image data from the serial data SD and the strobe 
H signal STB, and also extracts the clock signal CLK . The 
20 serial -parallel conversion circuit converts the serially- 
converted moving- image data into parallel data and supplies 
it as R, G, and B signals to the LCD driver 496. 

An example of the timing at which transfers are done 
between the MPU 550 and the display unit 560 of Fig. 17 by 
2 5 the DS link method is shown in Pig. 18. 

With the DS link method, the strobe signal STB is 
generated as shown in Fig. 18 with respect to the serial 
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conversion, of the serial data SD . In other -words, the strobe 
signal STB changes if the same data continues in the serial 
data SD, but the strobe signal STB does not change if the 
serial data SD has changed. 
5 In the IEEE 1394 reception circuit 572, the clock signal 

CLK is obtained from an OR of the serial data SD and the 
strobe signal STB. This clock signal CLK is supplied to Che 
LCD driver 49G together with the R, G, and B signals chat 
have been converted to parallel. The IEEE 1394 reception 
10 circuit 572 reduces energy consumption by causing the 
differential input receiver to operate only when the data 
=0 validation signal DV generated by the data validation signal 
ii* generation circuit 492 is active, in a similar manner to the 
Jy LVDS reception circuit 494 of Fig. 13. 
15 ^3 This use of the IEEE 13 94 standard reduces energy 

p consumption in a similar fashion to moving -image data 
==i transfer in accordance with the LVDS standard, by performing 
. W high-speed serial transfer of moving-image data between the 
tl MPU and the display unit, but it also makes PLL circuits 
20 unnecessary. It is therefore possible to make the circuit 
patterns smaller and remove the current consumption of the 
PLL circuits. 

High-speed transfer in accordance with the USB standard 
25 Essential structural components of the MPU, display unit, 

and interface portions for high-speed serial transfer in 
accordance with the USB standard in electronic equipment of 
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this third embodiment of the invention are shown in Fig. 19. 

In this case, portions within the USB-standard interface 
section that are the same as those in Figs. 1, 10, 11A, 11B, 
or 13 are denoted by the same reference numbers and further 
5 description thereof is omitted. 

In this electronic equipment, an MPU 600 and a display- 
unit 610 are connected by a USB-standard high-speed serial 
transfer line. 

The MPU 6 00 differs from the previously described MPU 
10 400 in that it is provided with a USB transmission circuit 
^2 620 which has a high-speed serial transfer transmission 
%0 interface function in accordance with the USB standard. 
U The display unit 610 differs from the previously 

described display unit 410 in that it is provided with a USB 
L5=Q reception circuit 622 that has a high- speed serial transfer 
□ reception interface function in accordance with the USB 
2\ standard. 

IM The USB transmission circuit 620 comprises at least a 

12 USB transmission processing circuit 630 and a differential 
20 output driver 632 for performing high-speed serial transfer 
in accordance with the USB standard. The positive and 
negative sides of the differential output driver 632 are each 
grounded by a pull -down resistor Rl. 

The USB transmission processing circuit 63 0 converts R. 
25 G . and B signals supplied by the DSP 16, which has a 
scan/converter function for moving- image data to be 
transferred, into serial data to form USB packets of a 
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predetermined bit: length. 

The USB receive circuit 622 comprises at least a 
differential input receiver 634 and a USB reception 
processing circuit 636 for receiving high-speed serial 
S transfers in accordance with the USB standard. The negative 
side of the differential input receiver 634 is pulled up by a 
pull-up resistor R2 . 

In addition to differential signals, high-speed serial 
transfers in accordance with the USB standard involves a 
10 division into packets units of a predetermined bit length. 
^ using a state called "single end 0" which occurs when the 
\y logic levels of both the positive side and the negative side 
il of the differential signal line are low. This single end 0 
^ indicates the end of a packet. 

vy 

15=8 The differential input receiver of the reception 

?! processing circuit is configured as a single -end receiver, in 

.'I order to detect the low- level that is single end 0. 

\U 

Iff The USB reception processing circuit 636 analyzes the 

H 

\1 received packet data and turns the R. G. and B signals into 
20 parallel signals. Each packet of data starts from a 8 -bit 
synchronization pattern, by way of example, where the 
reception processing circuit generates the clock signal CLK 
from this synchronization pattern and 'generates the R, G, and 
B signals in synchronization therewith. 
25 This use of the USB standard reduces energy consumption 

in a similar fashion to moving- image data transfer in 
accordance with the LVDS standard, by performing high-speed 
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serial transfer of moving- image data between the MPU and the 
display unit, but it also makes PLL circuits unnecessary. It 
is therefore possible to make the circuit patterns smaller 
and remove the current consumption of the PLL circuits. 
5 Note that the present invention is not limited to the 

embodiments described above and thus various modifications 
are possible within the scope of the present invention. 

Similarly, the configurations of the differential output 
drivers and differential input receivers for implementing 
10 high-speed serial transfer in the embodiments described above 
|^ are not limited to various technologies such as CMOS or ECL . 
u3 It i s particularly preferable to apply the present 

U invention to data transfer by the LVDS standard, IEEE 13 94 
jy standard, or USB standard, but it is not limited thereto. For 
15 -0 example, the present invention could also be applied to data 
O transfer by any standard based on a concept similar to such 
m high-speed serial data transfer, or on any standard derived 
therefrom. 
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